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Abstract 
This paper deals with the comparative performance analysis of differentcurrent 
controlstrategies  for grid connected three phase voltage source inverters (VSI). The different 
strategies considered were conventional Hysteresis current controller, Ramp comparison 
controller and User Defined Constant Switching frequency (UDCS) controller. Limitations 
and advantages of each control strategy have been discussed. The different control strategies 
have been simulated using Matlab Simulink 8.1. Based on the simulation results comparative 
performance analysis has been carried out in terms of Dynamic response, Reference tracking 
capability and Total Harmonic Distortion (THD). Phase Plane Trajectory of different 
strategieshas been simulated in order to validate the performance of each control strategy 
under non-linear disturbance conditions.    
 
Index Terms:Hysteresis control, User defined constant switching frequency control, Ramp 
control, Phase plane trajectory. 
 
INTRODUCTION 
IFFERENT current control techniques 
for three phase VSI have been discussed in 
literature[1-3].The different current 
controllers for three phase VSI can be 
classified as linear and Non-linear 
controllers. Proportional-Integral (PI) 
controller, Predictive deadbeat controllers, 
Proportional -Resonant (PR) controller, 
state feedback controller, are some of the 
linear controllers. Hysteresis control, Delta 
modulation control, Sliding mode control, 
Ramp comparison control, online 
optimized controllers are some of the non 
linear control techniques [1].Linear 
controllers such as PI controller requires 
precise information about the circuit 
parameters when controlling the non-linear 
system. In grid connected schemes grid 
currents are time varying waveforms in 
such cases the PI controller meets 
difficulties in removing the steady-state 
error. Linear controllers are known not to 
perform well under the presence of 
disturbances and unknown parameter 
variations [4-5].Hysteresis current control 
is the most preferred technique due to its 
better Dynamic response, robust against 
circuit parameter variations and simple 
hardware implementation in both analog 
and digital when compared to the other 
nonlinear control techniques [1] [3]. Each 
control technique has its own limitations, 
depends on the application control 
technique should chosen. Even though the 
Hysteresis control has its own advantage 
in better Dynamic response and simple 
implementation, it suffers in variable 
switching frequency operation, which 
limits the application of hysteresis control 
in high power applications. For grid 
connected applications reliability of the 
whole system depends on the applied 
current control strategy.Applied current 
control must provide the limited or a 
constant frequency operation to guarantee 
safe operation of the system being 
controlled. Attempts have been made to 
overcome the limitation of variable 
frequency hysteresis control. There are 
many proposed schemes in literaturewhich 
variants from the conventional variable 
frequency hysteresis current control [3] [6-
11].In hysteresis control switching 
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frequency depends on the circuit 
parameters like dc link voltage, load back 
emf, hysteresis bandwidth (HB) and other 
load parameters. Active power filter and 
grid connected applications load 
parameters are not easily determined, such 
applications requires constant frequency 
for reliable operation.Most of the 
researchers mainly focused on the 
hysteresis bandwidth control to maintain 
the constant frequency all over the 
operating conditions [6-10]. In [6] 
hysteresis bandwidth is updated by 
calculating the current derivatives and load 
equivalent impedance to maintain the 
switching frequency constant. In [7] 
hysteresis band is continually updated 
according to supply voltage, load emf and 
load impedance. In [8] hysteresis 
bandwidth has been controlled by using 
the fuzzy logic controller. In [9], [10] 
frequency loop has been used to control 
the hysteresis band. Different approaches 
from [6-10]makes the hysteresis control as 
constant frequency control by the expense 
of loss in simplicity.Practical 
implementations of these approaches are 
very complicated for many applications 
like active filters and grid connected 
inverters. These control techniques still 
require the exact information about input 
and load parameters to determine the 
hysteresis bandwidth.  
 
Ramp comparison control and UDCS 
controls provided the objective of constant 
switching frequency with all the inherent 
advantage of hysteresis controller likea 
good dynamic response, robustness against 
the circuit parameter variations and 
ultimate simple implementation. In this 
papersection II discusses about brief 
description of conventional hysteresis 
controller, UDCS controller and Ramp 
comparison controller.In Section 
III,Design and simulation of grid 
connected VSI with conventional 
hysteresis control, Ramp comparison 
control and UDCS control has been 
presented. From the results of the 
simulation comparative analysis has been 
presented in section IV. In section V, 
Phase Plane Trajectory of conventional 
hysteresis controller, UDCS controller and 
Ramp comparison controller has been 
discussed. 
I. DESCRIPTIONOF DIFFERENT HYSTERESIS 
CURRENT CONTROL STRATEGIESFOR GRID 
CONNECTED INVERTERS 
A. Conventional Hysteresis current 
control 
 
 
Fig.1.Block diagram ofconventional 
Hysteresis Controlled Three Phase VSI. 
 
Fig. 1 shows the block diagram 
conventional variable switching frequency 
hysteresis controlled grid connected three 
phase VSI.  Hysteresis control is a type of 
nonlinear current control technique in 
which actual current is directly compared 
with a reference current and current error 
is given to the hysteresis comparator. 
Hysteresis comparator has two limits, 
Upper Hysteresis Band (UHB) and Lower 
Hysteresis Band (LHB). These two bands 
determine the steady state error. If the 
value of hysteresis band is chosen to very 
small,the harmonic quality of the grid 
current waveform improves but at the 
same time switching frequency increases 
to high value. So depends upon the 
application, value of hysteresis band 
should chosen. In hysteresis comparator, 
current error is compared with UHB and 
LHB. If current error is greater than the 
UHB top switches are switched OFF and 
negative power is supplied to the grid in 
such a way to reduce the current. Similarly 
if current error is less than the LHB, top 
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switches are switched ON to increase the 
actual current to track the reference 
current. Operation and implementation of 
this control technique is very simple, there 
is no need for any special algorithm to 
implement this. But it has a limitation in 
its switching frequency, it varies along the 
whole operation depends on the input DC 
link voltage, grid voltage, hysteresis band, 
interfacing inductor etc. medium and high 
power applications such as industrial 
drives, active filters and grid connected 
inverters requires constant frequency for 
safe and reliable operation. Hence 
conventional hysteresis control is not 
suitable for such medium and high power 
application. But this control technique has 
its very unique advantages in other 
performance parameters such as dynamic 
response, reference tracking capability, 
simple implementation and low THD. So 
the need of slight modification in its 
structure to overcome the limitation of 
hysteresis control without loss in its 
inherent advantages is required. Proposals 
[6-10] are very tedious to implement, 
which lost the simplicity and requires the 
special algorithm to update the hysteresis 
band in each cycle.Hence the solution is 
Ramp comparison and UDCS control. 
 
B. Ramp comparison control 
 
Fig.2.Block diagram of Ramp comparison 
Controlled Three Phase VSI 
 
Fig. 2 shows the block diagram Ramp 
comparison controlled grid connected 
three phase VSI. Operation of ramp 
comparison control is somewhat similar to 
the conventional hysteresis controller. The 
difference is, in ramp comparison control 
current error is once again compared with 
ramp signal or carrier signal. But in case of 
conventional method, current error is 
directly given to the hysteresis comparator. 
In ramp comparison control current error 
can also be controlled by varying the 
amplitude of carrier signal.  In this method 
current error is considered as modulating 
signal, is compared with triangle carrier 
signal. This is fairly similar to the sine 
pulse width modulation (PWM) technique, 
because the current error itself likes a sine 
wave. The cause is, current error hasboth 
amplitude and phase error components 
while comparing two sine signals. When 
current error is greater than carrier signal 
upper switch is switched ON and positive 
power is fed to the grid in such a way to 
track the reference current. When current 
error is less than the carrier signal negative 
power is fed to the grid to reduce the 
current error to predefined hysteresis band 
width. In this method inverter is switched 
at the frequency of triangle waveform. 
Which leads to the well defined harmonics 
on the output current, hence the design of 
output filter is not tedious. This 
methodovercomes all the disadvantages 
associated with variable switching 
frequency operation. This method also 
scores in simple implementation with all 
the inherent advantages of conventional 
hysteresis controller. But if the rate of 
change of current is greater than the ramp 
signal, multiple zero crossings of ramp 
signal by the current error may becomea 
problem. Also this method requires large 
gain and compensation to reduce the 
current error. This can be achieved by 
varying the amplitude of carrier signal [3].  
Limitations of ramp comparison control 
can be overcome byusing UDCS control. 
C. UDCS control 
 
Fig. 3.Block diagram of UDCS control 
Controlled Three Phase VSI 
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Fig. 3 shows the block diagram UDCS 
control controlled grid connected three 
phase VSI. In this method, two inverter 
legs are switched by the conventional 
hysteresis control approach. Third leg is 
switched by the pulse generator with user 
defined constant switching frequency as in 
fig. 3.  Such a way it ensures the inverter 
switching frequency constant. UDCS 
control does not use any ramp signals to 
maintain the switching frequency. Hence 
the disadvantages associated with ramp 
signal can be overcome by this method. In 
this method current error is fixed by the 
hysteresis comparator as in conventional 
hysteresis control. So there is no need for 
gain and compensation to set the current 
error. But this method is most preferable 
for balanced grid and loads. 
 
DESIGN AND SIMULATION OF 
GRID CONNECTED VSI WITH 
DIFFERENT HYSTERESIS 
CURRENT CONTROL STRATEGIES 
In grid connected applications, inverter is 
fed to the grid through interfacing 
inductor. The value of this interfacing 
inductor is very significant for reliable 
operation and proper synchronization. 
 
D. Design of grid interfacing inductor 
 
Fig.4.Power circuit of Grid connected 
Three Phase VSI 
 
Power circuit of grid connected three 
phase VSI is shown in fig. 4. Fig.5. Shows 
the per phase equivalent circuit of grid 
connected VSI, when the top switch is 
turned ON. This is described by the 
differential equation given by (1), 
 
Fig. 5.Per phase equivalent circuit of Grid 
connected VSI 
 
aggdc VdtdiLRIV  )/(                        
(1) 
In equation (1) dcV  is inverter input 
voltage, L is the interfacing inductor with 
internal resistance R, gI is the grid current 
and Va is the A phase grid voltage. 
Assume the internal resistance is 
negligible, the minimum value of t  in 
which the current increases by i  can be 
found by rearranging equation (1)  
Tt
VViLt
VVtiL
adc
adc
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2
)/(
/
 
iLVVf adcs  2/)(                       (2) 
ifVVL sadc  2/)(   (3) 
Where the sf , i  are inverter switching 
frequency and hysteresis band width 
respectively. Following parameterswere 
considered for the simulation, sf = 10 
kHz, i =0.4, dcV =415V, aV =155sin t , 
by  (3) L= 38.13mH, Grid frequency f
=50Hz and load resistance of 500Ω. 
E. Simulation of conventional hysteresis 
controlled VSI 
 
Fig. 6.Simulated Power circuit of 
conventional Hysteresis controlled Grid 
connected Three Phase VSI with non-
linear load.. 
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Fig. 7.Simulink subsystem of one phase of 
conventional hysteresis controller 
 
Fig. 6.shows the simulated power circuit 
of conventional hysteresis controlled grid 
connected inverter. Simulink subsystem of 
one phase of the hysteresis controller is 
shown in fig. 7.Actual current is compared 
with step reference and current error given 
to hysteresis comparator. Appropriate 
switches were switched to track the 
reference. 
 
F. Simulation of Ramp comparison 
controlled VSI. 
 
Fig. 8.Simulink subsystem of one phase of 
Ramp comparison controller 
 
Fig.8.shows the simulink subsystem of the 
one phase of ramp comparison controller. 
Here current error is compared with 
triangle signal and switching states are 
decided in such a way to track the 
reference with pre assigned steady state 
error. Carrier signal ensures the constant 
switching frequency. 
 
G. Simulation of UDCS controlled VSI. 
 
Fig. 9.Simulink subsystem of UDCS 
controller 
 
Two legs of the inverter are switched by 
the conventional hysteresis method and the 
third leg is switched by the pulse generator 
with user defined frequency as shown in 
fig. 9. This ensures the constant frequency 
switching of all the switches in the 
inverter. 
 
PERFORMANCE ANALYSIS  
In this section simulation result of 
different current control strategies has 
been presented with illustrative examples. 
To validate the reliability of these 
controllers, comparative performance 
analysis has been carried out with the 
inverter performance indices includes 
Reference tracking capability in terms of 
steady state error,THD, dynamic response 
in terms of settling time, and non-linear 
load disturbance has also been considered 
with diode bridge rectifier feeding resistive 
load connected with the grid. 
 
(a)
 
(b) 
 
 (c) 
Fig. 9.Reference tracking capability of (a) 
hysteresis control (b) UDCS control (c) 
Ramp comparison control 
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(a) 
 
(b) 
 
 
(c) 
Fig. 10.Dynamic response of (a) hysteresis 
control (b) Ramp comparison control 
(Reference change from 5A to 4A)  
(c)UDCS control 
 
 
(a) 
 
(b) 
 
(c) 
Fig. 11.Non-linear load disturbance 
(Three phase diode bridge rectifier feeding 
R load) (a) hysteresis control (b) Ramp 
control(c) UDCS control  
 
 
(a) 
 
(b) 
 
(c) 
Fig. 12.Total Harmonic Distortion of (a) 
hysteresis control (b) UDCS control 
(c) Ramp comparison control 
 
Fig.9. shows the reference tracking 
capability of conventional hysteresis 
control, UDCS control and ramp 
comparison control in terms of Steady 
state error. In case of conventional method 
steady state error is a user defined value in 
hysteresis comparator.  0.2A is the 
predefined steady state error used in 
conventional hysteresis control method. It 
is clear that conventional hysteresis control 
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tracks the reference within the predefined 
steady state error even under disturbance. 
In UDCS control, phase B steady state 
error oscillates between  0.5, because of 
triggering the phase B without current 
feedback. This will increase the THD of 
output current. In ramp control steady state 
error is fixed at 2.0 by setting the 
amplitude of the ramp signal to 0.1. It has 
the good reference tracking capability as 
conventional hysteresis method. In fig. 10, 
dynamic responses of the controllers were 
validated through the change in reference 
current from 5A to 4A. Conventional 
control track the reference at 0.2ms, 
UDCS control tracks at 0.1ms and ramp 
control at 0.2ms. So it is proven that all 
controllers have good dynamic response. 
In fig. 11, grid currents were shown with 
non linear load disturbance. At time 0.03s, 
Rectifier load is switched ON and at 0.06s, 
load is switched OFF. From the 
waveforms it is proven that ramp control 
has very tight regulation of current when 
compare to the other two. Harmonic 
spectrums of different topologies have 
been shown in fig. 12. THD of UDCS 
control is little bit high when compare to 
the other two. This is because of the poor 
regulation of current in phase B (fig. 9(b)). 
 
PHASE PLANE TRAJECTORY   
Phase Plane Trajectory is the finest 
approach to study the response of the 
different controllers under different 
disturbance conditions. Phase Plane 
trajectory is usually plot between the 
current error and derivatives of current 
error. 
 
(a) 
 
(b) 
 
(c) 
Fig. 13.Phase Plane Trajectory of (a) 
hysteresis control (b) UDCS control 
(c) Ramp comparison control. (Under non-
linear load disturbance) 
 
 
Fig. 14.Injection of current to the grid at 
unity power factor 
 
Phase plane trajectory of different control 
strategies have been shown in fig. 13. At 
the time of starting current is nearly 4A in 
(a), (c). In (b), current error is within the 
HB. Controller forces the current error to 
the HB to track the reference current. At 
point B, Rectifier load is switched ON; 
Actual current goes outside the HB.Within 
a millisecond, current error again forced to 
HB at point B and also maintained within 
HB. This is due to the sudden introduction 
of non-linear load in to the grid. At point 
D load is switched OFF, current error once 
again goes outside the HB. At point E it is 
once again forced to the HB within a 
millisecond. This is due to the sudden 
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removal of load from grid. Hence it is 
proven that all three controllers have good 
disturbance rejection property and well 
worked under disturbance conditions. Fig. 
14 shows the grid voltage and grid currents 
at unity power factor. 
 
TABLE 1.PERFORMANCE COMPARISON 
S.
N
O 
PERFORMANC
E INDICES 
COMPARED 
REFER
ENCE 
TRAC
KING 
(STEA
DY 
STATE 
ERROR
) 
DYNA
MIC 
RESP
ONSE 
(SETT
LING 
TIME) 
% 
T
H
D 
1 CONVENTIONA
LHYSTERESIS 
CONTROL 
A2.0  0.2ms 3.
35 
2 UDCS CONTROL A4.02.0. 
 
0.1ms 5.
01 
3 RAMP 
COMPARISON 
CONTROL 
A2.0  0.2ms 2.
91 
 
CONCLUSIONS 
Different current control strategiesof  three  
phase  grid tied VSI have been discussed, 
analyzed and performance comparison 
have been made based on the inverter 
performance indices as in Table 1. From 
the comparison table, it is concluded that 
UDCS control and Ramp control have 
good reference tracking capability, THD 
and better dynamic response as the 
conventional hysteresis control with 
constant frequency and simple 
implementation in both analog and digital 
forms. Even though the current THD of 
UDCS control is little high when compare 
to the other two controls, it also complying 
the IEEE 519 standard. So the ramp 
control and UDCS controls are the 
attractive replacements of the conventional 
hysteresis control. But a little more work 
has to be done on UDCS control to 
improve the reliability in reference 
tracking and THD. 
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